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TYFES OF COMBUSTION CHAMBERS FOR GAS-TURBIRE EQUIPMENT

N. K, Kurochkin

One of the basic parts of gas-turbine equipment is the combustion chamber. Its
purpose is to generate hot gas, the carrier of energy to the turbine. The genera-
tlon of gas by the combustion chamber takes place as & result of fuel combustion in
the compressed air coming from the compressor.

This fuel combustion in the combustion chamber has certain specific features
and is subject to a number of unusually rigid requiremerts, the basic ones being:
high specific heat liberation, full completion of the combustion process, uniform-
ity of the temperature field in the gases on the discharge side, as small as pos-
eible a pressure loss due 1o hydraulic resistances, and control and stasility ot
operation cover & wide range of calerific power.

These reasons require that special attention be paid to the combustion chamber
ir solving the whole complex of problers on gas-turbine construction. The present
development of combustlion chambers, operated on different types of liguid fuel
rmging' from light kerosene to heavy mazuts, makes it possible to classify them in-

‘Yo three types: (1) cylindrical, (2) multitubular, and (3) annular

Cylindrical Type

The cylindrical combustion chamber is characterized by a single flame space en-
closed by a flame tube of considerable diameter vhich in turm is placed concentri-
cally in a cylindrical casing. The fuel supply into the combustion space is usual-
1y fed through & single atomizer, rarely with several. ghe specific heat libera-
tion atiained in cylindrical combustion chambers is 3.100-5.10°0 large calories ver
cubic meter per hour (atmospheric pressure) or up to 20. 100 Zarge.calgvtes.per cubic
meter per hour at & pressure of sbout 4-h.5 atmospheres and an air temperature st

. the chazber inlet of up to 400 degrees centigrade. The indicated specific heat
liberation levels concern mainly the qualitatively better types of heavy liguid
fuels, such as gas oil. Reliable test data on walLits is not yet available.
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Cylindrical combustion chambers have inherently small presgure losses, ampount-
ing to 700-800 kilograms per square meter in practice, which corresponds to & loss
of 1.5-2.0 percent.

The relatively smell pressure¢ losses usually experienced in cylindrical com-
bustion chambers can be explained by the comparatively simple design of this
type dhamber and by the small air and gas flow velocities in the chamber, in most
cages ‘equal to 20-30 meters per second.

Cylindrical combustion chambers are sufficiently perfected as generators of
high-temperature compressed gas and can be used for fairly high-powered gas-tur-
Yine gquipmcnt. The celorific power for chambers of this tvpe attained a level of
30.10° large calories per hour with a frel consumptior of 3,000 kilograms per hour
and air consumption of 250,000 cubic kilometers per hour /sic/. The dimensions of
cylindrical combustion chambers increase correspondingly with an incresse in calo-
rific pover. fheir fleme tubes must have a dismeter of 800-1,000 millimeters aud
a length of 2,500-3,000 millimeters.

It should be noted that an increase in the diemeter of the cylindrical com-
bustion chamber vhen the latter is designed for high calorific power presentis cer-
tain difficulties. With an increase in the diameter of the flame tube, i.e., with
an iucrease ip thickness of the combustion chember's flame wpace and with an in-
¢craase in the dimensions and density of the fuel cone, difficultiss arise from the
mnixture of air with fuel and penetration of the air stresm into the jet of dburning
fuel. S8imilar difficulties bring about a delay in the combustion process in the
nucleus of the Jet, which is the reasor. for the latter's prolongation. This, in
turn, vill necessitate lengthening the flame tube and result in operation of the
combustion chamber at & lover specific heat liberation.

To malntein unchanging specific heat liberation levels in the combustion cham-
ber during an increase in its diameter it is necessary to obtain & more intensive
injection of the primary air into the flame space, i.e., to introduce it at high
velocities. However, this intensification is connected inevitably with an in-
crease in pressure drop within the limits of the combustion chamber, thus waking
its utilization less desirable.

The above explanation shows that high calorific power in the cylindrical com-
bustion chamber, coupled with an increase in i(ts diameter, leads to either a re-
duction in specific heat liberation or an increase in pressure drop. All this
must be considered in designing this type of combustion chamber for high ralorific
powver. In addition, the lncreage in the combustion rhamber's diameter inevitably
involves an increase in the thickness of the casing's walls to asaure Increased
mechanical durablilty. Thie especially concerns gas-turbine equipment with high
operating pressures of 12-20 atmospheres and above. These difficulties may be
avoided by using several parallel cylindrical combustion chambers instead of one.

The combustion chambers of the type being examined can have either an axial
air inlet, i.e., along its longitudinal axis, or an angular inlet. The method
used is usually determined by the general arrangem=nt of the gas-turbine equip-
ment. The most frequently used is the angular inlet, since it permits a more com-
pact combustion chamber layout and shorter comnecting pipe lines. However, from
the viewpoint of fuel combustion in the chamber, the axial air inlet would be pref-
erable since it does not upset the uniform distribution of air in the chamber's
cross section and, eepecislly important, the symmet 'y of the primary air flow into
the flame space is maintained. It is ¢~ ,irabie, herefore, to retain an axial air
inlet in the combustion chamber of a gas-turbine installation. In regard to & ver-
tical or horizontal layout of the cylindrical combustlon chamber, operating exper-
ience has shown that normal operation can be achieved in either position and 1ts
selection should be determined only by the installation conditdions for the gas tur-
bine. A vertical layout gives the installation a greater compactness and decreases
tie space required, but it har the dissdvantage that a greacer number of Lends are
necessary in the gas-air flow comnecting pipe lines, in comparison with the hori-

zontal layout.
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Multitubular Type ZJIIlIlIE

The multitubular type of combustion chember is characterized by & flame space o
divided into several separate sectionr, in eack of which the combustion process A
tekes place independently. Thus, in effect, the fuel cowbustion is diatributed 3

° among several parallel-inserted combustion chambers which have comparatively small b 3

calorific power anC small-dimensions (including the cross-sectional diameter). te
This type of fuel combustion makes it possible to intemsify the combustion process A
greatly, i.e., to have small-dimeusioned chambers which operste with en unusually !
high specific heat liberation. ]

The number of separate gections in the chamber may be varied considerably, e.g., 14 A
with a given outside diameter it is possible to have six, t n or 16 sections. How- S
ever, as the number of sections in a given outside diameter is increased, the to-
tal crose-sectional area of these sectlons decreases. A chamber composed of four
sections would give the maximum practicable cross-sectional area (62.5 percent of
the chamber arca). The selection of the number of sections is besed on the fol-

lowing considerstions;

1. Thorough fuel atomization, best achieved with » lerge number of small-ca-
pacity atomizers.

2. More complete mixing of primary air with the atomized fuel -- eesier to ob-
tain vhen the over-all dimensions for both the primary sir flow and the cone of the
atomized fuel Jet are reletively small.

3. More complete penetration of the secondary air imtroduced into the jet of
burning fuel through the flame tube walls -- &lso easier to attain for smaller di-

saeters.

4, Lower pressure losses during passage of the air-gas flow through the com-
bustion chember. These losses depend largely on the velocity of flow, i.e., on the
cross-gectional dimensions of the sections.

- 5, Becuring favorable conditions for supplying air from the compressor to the
sections and gases from the latter to the turbine, as wvell as assuring that suffi-
cient space is availeble within the inner tangential circle of the sections for the

shart and other parts of the englne.

As can be seen from the above, some of the considerations involved in select-
ing the numter of sections contradict each other.

The number of sections used in practice, varies from 8ix to 16, while the spe- .
cific heat liberation averages (60-lh0g x 10~ large calories per cubic meter per
hour with a maximum of arcund gSO x 10° large calories per cubic meter per hour,
or in atmosphere, (15-30) x 10~ large calories per cubic meter per hour. The in-

IR dicated values of specific heat liberation refer onmly to the use of light liquid
s fuels, mainly to keroseme. Considerable pressure losses, averaging 3 to 8 percent,
accompany the high specific heat liberation values characterisiic of multitubular
combustion chembers. This corresponde to a pressure drop of 1,000-3,000 kilograms
per square weter for pressures of aroupd 4 atmospheres. The average celorific
powver 8f one section is (0.6-1.5) x 10° large calories per hour end up to around
3 x 10° large calories per hour.

The chief advantage of multitubular-type combustion chambers, aside from the
posaibili’y of developing high specific heat liberation, is that it is incomparably
easjer to make final refinements to the combustion chamber on the test stand than
in any of the other types. It is sufficient tc carry out tests of the full calo-
rific power on only one section, i.e., on one part of the combustion chamber, which
greatly simplifies the whole technigue of test-stand operation, end decreases the
requirements for larg~ facilities, above all, the output required from the com-
pressor station. Since the design and operating characteristics of any couwbustion
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chaiber dre determined mainly on the basis of experimental results and not by cal-
culation, then the adaptability of a combustion chamber to test-stand observations
assumes major importance.

Annulsr Type

The third type of combustion chamber, the annular type, has a single flame
space in the form of an annular cavity made up of two cylindrical sections con-
centrically placed. To fill up the annular flame space with the fuel Jet, it is
necegsary to have a large number of atomizers, e.g., 10, 16, or 20. Corresponding
to this number of atomizers, the width of the flame space (the distance between
concentric cylinders) becomes quite small -- about 150-200 millimeters. This small
width is easily penetrated by air, and the atomizatirn of the fuel by a large num-
ber of jets of low calorific power facilitates thorough mixture of the fuel with
the air and a high degree of atomization, which makes it possible to achieve high
specific heat liberation. . As a result of this and the magnitude of pressure loe-
ses, the annuler combustion .hamber is comparasble to the multitubular chamber.

Advantages of the annular-type combustion chamber over the types mentioned pre-
viously are: fuller utilization of the volume available in the engine for the flame
space, and.greater uniformity in the temperature of gases as they leave the chamber.
However, the difficulties in obtaining test-stand data, which can be carried out on-
1y by using the whole combustion chamber, rather than a small part of it, and the
complexities of their manufacture are the major reasons why annular combustion cham~
bers have not been adopted widely. Selection of a suitable type of c~mbustion chem-
ber depends on various considerations, the most important of which is the over-all
scheme and layout of the gas-turbine equipment. In those cases where, due to rigid
requirements for mirdmum dimensions and weight, the ges-turbine installation is de-
eigned and constructed as a single-shaft aggregate in which the compressor, coabus-
tion chamber, and turbine form a single crganic whole structurally, the combustion
chamber is either of the multitubular or the annulaxr tpe and is fitted very com~
pactly between the compressor and the turbine. Its connecting pipe lines are cor-
respondingly reduced to a minimum, and the shaft extends from the turbine to the
compressor, passing through the open inner space in the center of the multitubular
or annular combustion chamber.
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